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COMPLEMENTARY BMDGE PBIFFEWEWTTW in ,the form of pdsating D.C. with the respective voltages 

CONTROL CPWCW el and ez being 180" wit of phase. Refewnce to FIG- 

Don E. Meier, Minneapolis, Minn., and Charles A. Oppe- URE 2 under ,$his condition of "zero control" shows #the 
dahl, Cedar Rapids, Iowa, a s s i ~ o r s  to @ol&s Radio differential, or combined output voltage, eo, as bdng a 
Compmy,  Cedar Rapids, Iowa, a c~rpor,~ation of Iowa 5 ~ymmet~rical square wlave alternating voltage having an 

Filed Apr. 1, 1963, Ser. No. 269,421 ,average D.C. value equal to zero. The input wave form 
6 C l b .  (Cl. 307-885) may )be further defined $or control conditions either "posi- 

l-ih,is invention relates ,generdly $0 conkd circuitry tive" or "negative" wherein the pulse widths as defined 
and more particulsurly to a control d r a ~ t  providing by the wave forms el and ez are no longer symmetrical as 
dourbIeended control for a ,mo k ~ d n a l  load response 10 cy:cerns thei~ "an" and "off' *imes. Thus, under con- 

to a #three-wire d~3Femtial input drive sigial. (lhons of positive control, the output el is positive for a 
The control circuit of the present invention finds esp-  bngm period of time and is ~ r o ~ o ~ t i o n a t s l ~  zero for Q 

dal  usage in lthe double-eadd or f d 1 1 - w ~ ~ ~  control of .less3r period of t h e  !as compared to the "zero co~trol" 
permanent magnetic D.C. motors whe~re, as is &Gmes condition. Con~~rsely,  ,the output ez is negative for a 
!desirable, the motor lis to be controlied ~r0121 a of 15 less period (of .time and' m o  for a propo'donately bss 
differeatid contrcl voltage of the three-wire type. For ~ f l i d  of !time. The d i f f e ~ n t i ~ l  output wave form co 

example, magnetic amplifier motor d&re &u:utIy of ,the is then seen to have an average direct current GUmpOnemt 
type desiaed to drive ~spllf-phase D.C. motors me knovm u7hk.h is posiittive. Stated mather way, the voltage el 
which may not di~rectly $a u t i l i d  in c o n ~ ~ l , ~ g  two laud ez  night represent the a,qpication of the ~ositive 
terminal loads in a Werelttial manner. 20 terminal of a D.C. voltage source alternately to terminal 

The primary objer,t of ,fie .present inyention is, there- A and C with .tetnliaal B being the other voltage sowce 
fore, the provision ,of a novel c i ~ o ~ t  by which double- terminal .anld common 40 each of v d t a ~  el and ez. 
ended or reversible conbml f ~ r  a two terminal load may Under conditions of "negative controJ," the wave fo rm 
be developed 6rom a *three-wire drivi;ng so~urce. el and e2 are seen to be unba1,anoed in the opposite sense. 

A funther object of ,&the present hvention is provi- 25 AS illustrated in FIGURE 2, ,the negative control con- 
si0n of a lhidge-type control circuit by which doable- dition h such that the output wave form e, has a net 
ended contro~l of a tvro ter-d ,load4, such as permmat nelgative !average or dire~t-cmrrent c~~mpone~t .  The in- 
magnetic D.C. fnoto,r, may be r e a l i d  in respons to a put Wave form is seen fo {be that of a three-wire dif- 
three-wire Ihlatnced input sozire of the differential pulse fere~tial conhrol signal based on dserentid pulse width 
type. 30 modulation. 

Still .another objeot of ,he  present invention is a pro- Ths pacticular wave forms of FIGURE 2 ar? those 
vision of a contpol ~irouit with h p o v e d  operational ef- which might be develcped by t h ~  control oircuitry illtls- 
ficienc y. &rated genendly ,to the left d texminals A, B, and C of 
The invention is ffe;ltmred in fie provision of a ,;bil-idge FIGURE 1. This drive circuitry is desoribed in coqmd- 

control ,circuit wtith wEch a two-tamind load may be 35 thg application, Sedd NO. 184,357, filed Apri'l 2, 1962, 
operably m11,nectd so ,as ,to spe a sy-e~ca,l A.C, aquare entitled "S~NO AmplifieT Cirouits," now Patent No. 
wave "zero" control signd wvhcreby ~e quiescent lor 3,!76,%3, and a s s i ~ e d  to the a s s i ~ e e  of thc present 
A.C. current may be lilim,ited to a value wbaein i"nventEon. As defined in the co-pending application, the 
the quiescent D.C. current though the doad is x o .  om6rol drcuitry of FIG.URE 1 employs a .tramist~dzed 

These and 01th~ objects and feamres of &= invention 40 switching circuit comprised of transistors 10 md 11 in 
will be apparent upon reading the following dscr ip~on  conjlinction with a satuzabile (ware member 12, windings 
in conjunction with a e  ,accompaqbg drav~hgs in wh.ich: 13-16, and C O I I I C ~  memhjrs 17 ilrlld 18. The difTerelutia1 

FIGURE 1 is a xhematic embodhent of , ~ e  p;rzsent variation of members 97 and 18 controls the resistance 
invention as it might ~ b ~ s  ntilimd with a hput drive cir- ~efleted into the control circuit  OOPS such that 'the out- 
cuit which provides differmtial pulse width mdulation 45 put ,at terminal8 A, B ,and .C i one efibiting diffese~tid 
contrd features. pnlse (width modu2ation. 

FIGURE 2 is a diagammatical representation of The present invention relates, then, to further control 
control wave forms of ,&e &ffefesentid pulse width rnod,u- circuitry in conjunction with which a two terminal load 
lation type, illlustnating ,$he prin~iples $of proportional con- may be controlled by ,the Ithree-wi.re diEerentia1 p d x -  
trol. 50 width modulated inpu~t ABC. The presel~~t invention, as 

FIGURES 3A and 3B a~ xhenl.aticd repxsentations ildustfated in FIGURES 1 and 3, is in the form of a friu- 
of the control cirmlitlitry of the wesent invaion aiustrat- wave iztlversible bridge made up  of transistor compIe- 
b g  the oparratio~al principles by means of current flow rnentasry pairs. The circuitry functions as 'an amplinfying 
paths. canmutator which controls current Aow .th!rough #the load 

The control circuit d Ithe present invention is illus- 55 24 such .that the load (far example, a pemanent mag- 
&rated schematically in FIGURE 1 in conjunotim iwith a netic D.C. motor) may ,be properly responsive to and 
known drive circuit ,d ,the type which dwelops a f lse  contro~~ed by a diffmential ,three-wire input as defized 
width mdulated outpnt whmich is differential in nature. above. 
The circuitry of the present invmtion is generally that to  With reference to FIGURE 1, the load terminals D and 
the right of the terminals OsignateJ A, E, and C ,=d for 60 E are respectively connected to the collector elements of 
purposes of ,the present invention, the input to the inven- input transistors 260 and 21. A pair of complementary- 
$ion is c o m p r ~  of a three-wire .source which might car- type transistors 27 and 28 also have their collector ele- 
respond to ,the term~inals A, B, and C of FIGURE 1. ments respectively connected to the load terminals D and 

As ,above desczibibed, $he input is a double-ended or E. The base and collector electrodes of transistors 27 
three-wire source exhibiiting differential pdse width m d -  65 28 respectively are cross-coupled through resistors 26 
vlation control ohar;ad~istics. and 25. The emitter electrodes of transistors 27 and 28 

FIGURE 2 illustrates the input wave farm in ,terms of are connected in common to the positive terminal of 
the vdtages el from termind B .to A, e2 5rom tsrminal D.C. voltage source 19, w'hile the negative terminal of 
C ,to B, and .the d'iffereatial or combined inpnt eo 5rom the D.C. source 19 is referenced to the common input 
terminal C to A. 70 terminal B to which the emitter electrodes of transistors 

Unde~ the conditions 04 "Zero cotE0rol" the vol6ags 20 and 21 are connected. In the configuration of FIG- 
el and e~ are seen to be symmatrical square wave voltages URE 1, the D.C. voltage source 19 actually serves a 
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dual function in powering the output control circuitry of net value of D.C. load current. Thus, for a condition 
the present invention and, additionally, powering the input of positive control the time preponderance of the voltage 
control circuit which develops the input wave f o r m  of el as compared to voltage e2 causes a net D.C. control 
FIGURE 2. The invention might best be comprehended current to flow from terminals E to D in the load 24. 
by reference to FIGURE 3 wherein the input terminal 6 Under conditions of negative control, a net direct cur- 
B is shown to be conventionally grounded while the di- rent flows in the opposite direction through the load from 
~ e c t  current voltage source is illustrated as source 29, terminal D to terminal E. 
the positive terminal of which is connected to the emit- The illnstrated embodiment of the present invention 
.ters of transistors 27 and 28, with the negative terminal shows the complementary transistor pairs placed within 
thereof to common ground as is common in- 10 the bridge such that the input (illustrated as alternate ap- 
put terminal B. plication of positive potential from the common terminal 

In  operation, the control circuitry serves to connect to the other input terminals) is of a proper potential to 
o r  switch the direct current voltage source 29 across the effect forward biasing of the input transistors. I t  is to be 
load ternlinals D and E with alternate polarity as con- realized that the transistors in each of the complementary 
trolled by the input wave forms el and c2. Operation 15 pairs might be interchanged in which case the positive 
of the circuit may best be comprehended by a considera- terminal of the voltage source 29 would connect to the 
tion first of the control applied to load 24 under the common ground and the input control signals el and cz 
above defined, "zero" control input signal condition. Con- would aiTect alternate application of a negative potential 
sidering that interval when voltage el is positive and volt- between the conimon input terminal and the other input 
age ez is zero, as indicated for alternate half cycles of 23 terminals. 
the wave forms of FIGURE 2, the application of a posi- When utilizing the present invention to drive a per- 
tive voltage to the base of transistor 20 with respect to manent magnetic D.C. motor, a high degree of efficiency 
its emitter turns transistor 20 on. When transistor 20 is realized, since the 'motor sees a symmetrical A.C. square 
conducts, the collector of transistor 20 is brought sub- wave signal at null condition. By using a high oscilla- 
stantially to the emitter potential which is referenced to 23 tion frequency, the inductive reactance of the motor arma- 
ground. Thus, the base electrode of transistor 28 is tLKe limits the null or  quiescent current to a low value 
grounded through resistor 25 and the collector-to-emitter while inherently the net direct current quiescent voltage 
junction of transistor 20, respectively. The completion is zero. Further, when utilized as a control for a per- 
af this ground path causes transistor 28 to conduct, and manent nmgnetic D.C. motor, the present invention has 
the positive ternlinal of D.C. source 29 is connected 30 a distinct advantage of eliminating the need for a rate 
through the emitter-coIlector of transistor 28 to load circuit. This is true, because the motor sees a low im- 
terminal E. The resulting flow of current through the pedance driving source which is the requirement for 
load is that indicated in FIGURE 3A wherein load cur- damping in a permanent magnetic motor. 
rent is seen to flow emitter-to-collector on transistor 28, The diverter diodes 22 and 23 eliminate inductive volt- 
through the load 24, and the collector-to-emitter on tran- 35 age kicks caused by an inductive load field going to zero, 
sistor 20 to the common ground return. simiIar to a diode placed across a relay coil. The di- 

A diode member 23 serves as a diverter diode during verter diodes 22 and 23, as utilized in the present inven- 
this control interval to protect the transistor against in- tion serve this same purpose. While diverter diodes are 
ductive voltage transients should the load be inductive. commonly known to be used in three terminal load de- 
Diode ,member 23 is seen to shunt the emitter collector 40 vices, such as split field !motors, the present invention 
junction of transistor 21 with the anode of the diode makes it possible to add diverter diodes to a two terminal 
connected to common ground. During this control double-ended load. 
interval, second diode member 22 is inactive since 'both its The present invention is thus seen to provide a means 
anode and cathode are at ground potential. Diode mem- for controlling a two-terminal direct current load from a 
ber 22 is seen to be likewise connected between emitter 45 three-wire input signal which exhibits differential pulse 
and collector as concerns transistor 20. width modulation control characteristics. 

Now, considering the next input voltage interval dur- Although the invention has been described with respect 
ing which voltage eel is not zero while voltage el is zero, to a particular embodiment thereof, it is not to be so 
the current flow path illustrated in FIGURE 3R is real- limited as changes might be made therein within the scope 
ized. The application of voltage e2 causes transistor 21 50 of the invention as defined in the appended claims. 
to conduct, thus grounding load terminaI E through tran- We claim: 
sistor 21 and additionally the base of transistor 27 through 1. A differential control circuit for a two-terminal di- 
interconnecting resistor 26 so as to turn on transistor 27. rect-current load whereby said load may .be reversibly 
The positive terminal of the D.C. source is then con- controlled from a three-wire differential pulse-width modu- 
nected to load terminal D and the direction of load cur- 65 lated drive signal source; said control circuit comprising 
rent is reversed, flowing emitter-to-collector on transistor a four terminal bridge network the respective arms of 
27, through the load from terminal D to E, and the col- whicb comprise switching means, a source of direct cur- 
lector-to-emitter on transistor 21. Diode member 22 rent voltage, said source of current voltage fornling a 
becomes the active diverter diode for this control inter- first diagonal of said bridge network, said load forming 
val. During alternate control intervals the load terminals 60 the other diagonal of said bridge, said three-wire drive 
are thus effectively connected across #the D.C. voltage signal source having a first common terminal thereof 
source with opposite polarity. connected to the common junction between first and sec- 

From the above description, it is seen that in response ond ones of said switching means and said direct current 
to the zero control symmetrical input wave forms, the voltage source, said first .and second switching means 
current flows through the load alternately in opposite di- 65 being responsive to said drive signal -to alternately close 
rections and the load is "driven" by a square wave alter- in repetitive sequence, control means interconnecting each 
nating voltage with peak amplitude determined by the di- of said first and second switching means with respective 
rect voltage source 29. The quiescent direct current oppositely disposed ones of the others of said switching 
flow is zero due to a balanced condition and the quiescent means in response to which said others of said switching 
alternating current flow is determined by the input signal 70 means are respeotively closed in response. to the closing 
oscillation frequency and the impedance of the load at of the interconnected one of said first and second switch- 
this frequency. ing means, whereby said load is alternately serially con- 

When differential control is applied to the control cir- nected in opposing polarization with said direct current 
cuit of the present invention, the one-half cycle periods voltage source, the net direct current voltage across said 
of the load voltage change differentially, resulting in a 75 load being zero in response to a respectively equal closed 
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and open time intervals of said first and second switching the emitter-collector path of the ,associated one of said 
means, and the net direct current voltage across said load first and second transistors to said common terminal, said 
being respectively positive and negative in response to drive signal source alternately forward-biasing said Brst 
mutually opposite differential variations of said drst and and second transistors in response to which the intercon- 
second switch open and closed time intervals. 5 nected ones of said oppositely disposed transistors are 

2. A control circuit as defined in claim 1 wherein each forwardly biased to effe~t serial interconnection of said 
of said switching means comprises a unilateral conduc- load with said direct current voltage source in sequential 
tion device, the first and second ones of said unilateral oppositely polarized intervals. 
conduotion devices .being oppositely polarized with re- 5. Control circuit as defined in claim 4 further including 
spect to the common junction therebetween and the di- 10 first and second diodes respectively connected between 
agonally opposite ones of said unilateral conduction de- the emitter and collector electrodes of each of said first 
vices being oppositely polarized with respect to the inter- and second transistors with each of said diodes being 
connected ones of said first and second unilateral conduc- adapted to pass current in a direction apposite that of the 
tion devices, the application of said drive signal alternately associated one of said first and second transistors. 
biasing said first and second ones of said unilateral con- 15 6. A control circuit as defined in claim 4 wherein said 
duction devices to .a conductive state, said interconnecting three-wire differential drive signal source comprises means 
means between said first and second unilatecal conduc- for sequentially #and alternately switching said direct cur- 
tion device and the respective oppositely disposed ones rent voltage source across the ;baseemitter junction of 
of said unilateral conduction devices comprising means by said first and second transistor with a polarity affecting 
which the respective other ones are rendered conductive 20 forward bias of said first and second transistors, said first 
by application of biasing voltage thereto through the con- and second transistors being rendered conductive in re- 
ducting one of said first and second unilateral conduction sponse to the forward biasing thereof, and said direct 
devices. current voltage source thereby being oonnected across 

3. A control circuit as defined in claim 2 including a said oppositely disposed ones of said fiansistors through 
fourth unilateral conduction device connected across said 25 the emitter-collector junction of said first and second 
first unilateral conduction device and a fifth unilateral transistors to affect forward biasing thereof, whereby said 
conduction device connected across said second unilateral direct current voltage source is alternately serially con- 
conduction device, said fourth and fifth unilateral con- nected through one of said transistor complementary 
duction devices being adapted to pass current in a direc- pairs to said load, the *average direct current voltage be- 
tion opposite that of the associated one of said first and 30 ing applied ta said load thereby being a function of the 
second unilateral conduction devices. differential conductive time intervals of said first and sec- 

4. A differential control circuit as defined in claim 1 ond transistors. 
wherein each of said first and second switching means and 
its interconnected oppositely disposed switching means References Cited by the Examiner 
comprises a transistor complementary pair, each of said 35 UNITED STATES PATENTS 
transistors having an  emitter 'and collector electrode con- 
nected respectively to the terminals of said bridge, said 2,994904 711961 Straube ------------ 307-83-5 
common junction between said &st and second transistors 3,059,067 911962 Merrill et d. --------- 330-15 
and said direot current voltage source being connected 3,080,534 3/1963 Paynter ------------ 331-110 
to a common terminal of said three-wire differential drive 40 3,172,059 3/1965 Freeborn ----------- 331-110 
signal source, the base electrode of each of said first 3,175,100 3/1965 La Mothe -------,- 307-88:S 
and second transistors being connected respectively to 
second and third terminals of said three-wire differential ARTHSJR G M S ,  Primary Examiner. 
drive signal source, the base electrode of each of said 45 J. BUSCH, Assistant E ~ ~ ~ ~ ~ ~ .  
oppositely disposed transistors being connected through 
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